INTRODUCTION
Within the globalization of the food industry, the demand for quality juice and juice type beverages has expanded. Juices such as orange, grape, pineapple and apple are well established in developed countries. Now, minor and tropical juices and juice products are attracting new attention (Anon., 2004; Kortbech-Olesen, 1990) . Juice processing technology ranges from individual preparing juice at home for family consumption to multinational high capacity plants and juice product lines serving global demands (Bates et al., 2001) .
The pummelo fruit, also called Shaddock has recently gained attention because of its antioxidant capacity as studies found extracts of carotenoids, phenolics, vitamin C, lycopene, and anthocyanins (Tsai et al., 2007; Jayaprakasha et al., 2008) . The pummelo fruit is the biggest fruit in the family of citrus, Rutaceae. It grows as large as 30 cm in diameter, weighs as much as 10 kg and has a greenish yellow smooth spongy skin that encloses segmented white and pinkish translucent flesh. Its botanical name is Citrus grandis or Citrus maxima. It was originated from South East Asia and is native to southeastern Asia, especially in Indonesia, China and Thailand. This citrus fruit dates back as far as 2200 BC, when tributes of mandarins and pummelos were presented in the imperial court of Ta Yu in China (Kimball, 1999) . In Malaysia, the pummelos are found in the district of Tambun Valley in Perak. The Tambun pummelo produce from Malaysia is famous for its good quality in terms of fragrance, sweetness, juiciness and size. They are mostly grown for fresh consumption. Sometimes, its peel is used to prepare marmalades and sweet candies.
The production of fruit juice offers many advantages. Juices can be consumed more conveniently than whole fruits while juice concentrates have a higher stability due to lower water activity (Giner et al., 1993) thus can be used as ingredients in many products, such as the ice cream, fruit syrups, jelly, and carbonated and fruit juices beverages (Shamsuddin et al., 2007) . Besides that, fluid food products are easier to process, to heat, cool, freeze, standardize, transport, etc., than solid foods. In determining the quality of fruit juice, mouthfeel, the mingled experience deriving from the sensation of the skin of the mouth after ingestion of a food or beverage, is an important parameter. Mouthfeel properties relates to physical properties of the sampled material such as density, viscosity, surface tension, etc. as the complex mouthfeel function is the physical interactions of the tongue and the soft palate (Kilcast, 2004) . The physical properties of fruit juices are gaining importance as textural dimensions of fruits juices have been developed and quantified (Ingate and Christensen, 2007) . Various literatures on physical properties behaviour of common fruits juices such as apple, orange, pear, peach, pineapple and guava are found (Constenla et al., 1989; Ibarz and Miguelsanz, 1989; Bayindirli, 1992 and 1993; Ramos and Ibarz, 1998; Zainal et al., 2000; Shamsudin, et al., 2005 Shamsudin, et al., , 2007 and for this reason, the physical properties of pummelo juice was investigated. The information on the behaviour of physical properties of pummelo juice will serve its purpose in the production of pummelo juice processing industry in the effort of increasing its consumption by shelf life extension and widening distribution in the juice form as compared to consumption in the fresh form.
The main objective of this study is to find the density functions of freezedried-concentrated pummelo juice as affected by temperatures ranging from 6 to 75 °C and juice concentration measured in total soluble solids from 10 to 50 °Brix. Proximate analysis which included the moisture content, protein, fat, ash, carbohydrate, fibre and vitamin C determination were also made for record and compilation purposes.
MATERIALS AND METHODS

Preparation of Juice Concentrates
Fresh harvest of Pummelo fruits, Citrus grandis (L.) Osbeck, were obtained from the same cultivation batch from a farm as raw materials. The pummelo fruits were stored in a refrigerator at 10°C for a few days until the peeling process for juice sample extraction. The thick fruit skin was peeled away after incision of longitudinal cuts with a sharp knife onto the spongy skin to reveal the juicy segments. The fruit was separated into individual segments and the inner skin of each segments was peeled and discarded, including any seeds found. Most of the bitter component, the naringin and limonin found in the white membrane was completely removed. Using the cold peel method, the peel was stripped off manually to remove both albedo and the outer membrane of each segment (Arthey and Ashurst, 1996) . The juice was extracted by using a juice blender and filtered using nylon to remove its pulps from the juice. About 2 litres of juice, sampled into 200 ml each, was dry concentrated by using a vacuum freeze dryer for 24 hours with a drying temperature programmed from 25 to −40°C. During the freeze drying process, the juice was frozen and the frozen solvent was removed by sublimation under vacuum. The sublimed ice was pulled from the vacuum chamber by vacuum pumps. The freeze-dried concentrated juice was then diluted to 10, 15, 20, 30 and 50 °Brix with distilled water for further test.
Proximate Analysis
Proximate analysis such as the content of water, mineral, fat, protein, fibre, carbohydrates, and vitamin C was conducted to determine the chemical compositions of fresh pummelo juice following the methods of AOAC (1980) . The moisture content of pummelo juice was measured using the oven method. 5 g of juice in a labelled, dry and clean crucible was heated at 105 °C to a constant weight in an oven. The loss of the weight is equal to the moisture content of the juice and the moisture content was determined following Pearson (1976) :
The total mineral content of the juice was estimated by its ash content which is the inorganic residue remaining after the organic matter has been burnt away. The dried samples were ignited in muffle furnace at 550°C. The fat content was determined using the Soxhlet method. About 200 ml of petroleum ether solvent, builds up in the extraction chamber for 5 to 10 minutes and completely surrounds the sample, and then siphons back to the boiling flask. The fat content was measured by the weight loss of the sample. The Kjeldahl method was used to determine the protein content. The proteins and other organics components in the juice sample were digested with sulphuric acid in the presence of mixed catalyst. The total organic nitrogen was converted to ammonium sulphate. The digest was neutralized with sodium hydroxide (45% w/v) and distilled into a boric acid solution. The borate anions formed were titrated with standardized acid, which was converted to nitrogen in the sample. The % of Protein was obtained by multiplying the % Nitrogen with a universal conversion factor of 6.25.
( )
where, I s is volume of sulfuric acid for ammonia titration in distillation column, I b is volume of sulfuric acid for blank titration and N is the normality of sulfuric acid.
The estimation of fibre was determined following Pomeranz and Meloan (1978) , i.e. by digesting pummelo juice sample with sulphuric acid for first stage of the process. Then, the first step was repeated with sodium hydroxide as a solution. Samples were then dried in the oven at 105 °C and charred in the muffle furnace at 550 °C. The carbohydrate content was determined by using the equation shows below:
The Vitamin C content was determined by mixing about 40 g of pummelo juice with 200 ml of oxalic acid and filtered through glass wool. 10 ml of filtrate (aliquot) was pipetted into a conical flask and titrated with a dye solution, redoxindicator solution 2,6 dichlorophenolindophenol with Dye Factor of 0.0806. 
Physico-chemical Analysis
The specific heat capacity was determined from the proximate analysis using an equation proposed by Singh and Heldman (1981) : The total soluble solid (TSS) of sample, expressed in °Brix, was determined by using a Digital Hand Refractometer (Atago TM) as a measure of juice concentration. The water activity of the juice was determined at room temperature by using water activity meter (Decagon Aqualab Pawkit TM). The pH was measured at room temperature by using pH meter (type 3350, Jenway). The % acidity was obtained using the titration method with 0.1 M NaOH solution to a end point with pH 8.1, where V j is make up volume of 100 ml and V t is homogenate volume containing juice sample. Sample(g)
The digital density meter (Mettler Toledo, USA) with a hollow glass tube vibrates at a certain frequency was used to measure density. This frequency changes when the tube is filled with the sample, i.e. the higher the mass of the sample, the lower the frequency. This measured frequency was converted to density. The density measurements were conducted for juice samples at concentrations of 10, 15, 20, 25 and 30 °Brix each at temperatures of 6, 20, 30, 40, 60 and 75 °C with the aid of a temperature control by a water bath.
The freezing point, the characteristic temperature at which liquid turns into solids, of pummelo juice was determined by freezing the sample using Blast and Fluid Bed Freezer (FT 36-C, Armfield Limited, England) from room temperature of 25 to -20 °C with 6 m/s air speed rate. The temperature of juice was measured via temperature sensor probe (HOBO TMC 6-HC) attached to a data logger (HOBO). The freezing point is important as small differences between the freezing and melting points are found in practical although they should be the same in theory.
RESULTS AND DISCUSSION
From the juice preparation process, each 1.2 kg of pummelo fruit gave about 500 to 600 ml of juice yield. The fresh juice, about 9.7±1.05 °Brix gave a cooling curve as shown in Figure 1 as a measure of its freezing point of 0 °C. About 200 ml of fresh pummelo juice was concentrated in the vacuum freeze dryer for 24 hours to give about 20 ml of 50 °Brix of juice concentrate. The concentrated juice was diluted for investigation on some physico-chemical analysis as affected by temperature ranging from 6 to 75 °C. Table 1 shows the results for moisture content, ash, fat, protein, fibre, carbohydrate and vitamin C determination of fresh pummelo juice at 10 °Brix. The experimental data for proximate analysis of pummelo juice is comparable to other sources, e.g. from USDA and MARDI and also agrees to reports by Holland et al. (1992) . The slight differences could owe to the difference in variety and maturity of the pummelo used. The lower amount of fibre from this experiment, at 0.40 ± 0.03 is largely due to the sample in the form of juice instead of raw fruit. The composition percentage of moisture content, ash, fat, protein, carbohydrate and vitamin C are in the ranges of the published data on other common fruits (Lozano, 2006) . The calculated specific heat capacity of the pummelo fresh juice as from the proximate analysis results was 3.675 kJ/kg°C. Tee et al., (1988) c: Data were obtained using proximate analysis which were mean and standard deviation of triplicate determinations.
The water activity is the most widely used parameter for indicating water in food systems to predict food stability (Chen, 1987) . The values of water activity for raw fruits and vegetables may be nearing 1 and that Tressler and Joslyn (1971) reported a range of 0.97 to 1. The high water activity of fresh pummelo juice 10 °Brix decreased from 0.998 ± 0.002 to 0.961 ± 0.005 after being concentrated to 50 °Brix. The pH also decreased from 4.91 ± 0.11 to 4.56 ± 0.08 from 10 to 50 °Brix, while the acidity increased from 3.665 ± 0.70 to 19.262 ± 3.14. Figure 2 shows a linear behaviour of water activity, pH and acidity of pummelo juice with total soluble solids contents. The linear equations with high regression coefficient can be utilised in predicting values for processing calculations. Figures 3 and 4 show that the density of pummelo juice changes linearly with total soluble solids and temperature. The linear behaviours of density of juices with concentration are also recorded by other researchers studying juices from cashew (Azoubel, 2005) , peach and orange (Ramos and Ibarz, 1998) , apple juice (Constenla et al., 1999) and pink guava (Zainal et al., 2000) . The density increases with total soluble solids and decreases with temperature. The increase in density with total soluble solids is due to water removal leaving higher mass constituents of protein, carbohydrate and total soluble solids in the pummelo juice, while the density decrease with temperature is due to the expansion of juice resulted from the heating process. Tables 2 and 3 provide the equations for prediction of pummelo juice density using linear equations with single parameter, either the concentration or temperature. The variation in density of juice is important in a pasteurization process because a decreased density causes an increase in mass flow rate due to the reduction in weight for any fixed pump pressure, thus leading to shorter heating and holding times in flow lines during the pasteurization process (Zainal et al., 2000) . The experimental values of pummelo juice density presented a very strong dependence on total soluble solids but were less affected by the temperature as shown by the slopes of the linear equations presented in Table 2 and 3. These linear density relationships obtained for the pummelo juice can be compared with those presented by Ramos and Ibarz (1998) who found a linear dependence on temperature for the apple and quince puree but combination dependence on temperature and concentration for the peach and orange juice. The dependence on temperature and concentration for pummelo juice both are comparable to those of Ramos and Ibarz (1998) , that is in the range of 0.3289 to 0.6773 and 3.2819 to 4.1951 for temperature and concentration, respectively. Table 3 Linear regression of density of pummelo juice concentrates using single parameter, temperature, T, measured in °C. Total Soluble Solids (°Brix)
Density ( Both, the single and multiple linear regression prediction of pummelo juice density provide useful information to the juice processing industry through density characterization as current literature on density of fruit juice is limited and if available, only the maximum and minimum density values were given (Boukouvalas et al., 2006) .
CONCLUSIONS
The proximate analysis studies on pummelo juice provided data useful for its juice processing industry while the studies on the physico-chemical properties such water activity, pH, acidity and density enable prediction of its behaviour at the relevant processing concentration and temperature. The predictions of density yielded high regression coefficient, R 2 both in the single and multiple linear regression equations. In general, the density increases with increasing total soluble solids content but decreases with temperature increase. The density of pummelo juice also presented a stronger dependence on total soluble solids content than the temperature. 
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